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(54) SYSTEIVI AND METHOD FOR POWER GENERATION CONTROL, PROGRAM, AND MEDIUM 



(57) It has been difficult to reduce a waste of energy 
in a fuel cell power generating process when, for exam- 
ple, a temporary rise or drop of a power load occurs. A 
fuel cell power generation system includes: load detec- 
tion means 1 03 of detecting power requested by a load 
104; and output control means 102 of accumulating a 



time at which a detected power requested by the load 
104 is equal to or larger than a predetermined value 
when a fuel cell body 101 does not generate power to 
be supplied to the load 104, and allowing the fuel cell 
body 1 01 to start generating power to be supplied to the 
load 104 according to a predetermined rule based on 
an accumulation result. 
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Description 

Technical Field 

[0001] The present invention relates to a power gen- 
eration control system, a power generation control 
method, a program and a medium for supply of power 
to, for example, a domestic power load using a fuel cell, 
etc. 

Bacl^g round Art 
[0002] 

(A) Figure 11 shows a configuration of a conven- 
tional fuel cell power generation device (conven- 
tional technology 1) disclosed in Japanese Patent 
Laid-Open No. 7-57753. In Figure 11, a fuel cell 
body 31 generates DC power by reaction between 
hydrogen supplied by hydrogen supply means 32 
and oxygen in the air supplied by air supply means 
33, and a power converter 34 outputs AC power af- 
ter converting the DC power into the AC power. At 
an external load command, a power control unit 35 
controls a flow rate control unit 36 and the power 
converter 34, the flow rate control unit 36 controls 
the flow rate of the hydrogen supply by the hydro- 
gen supply means 32 and the flow rate of the air 
supply by the air supply means 33 such that the flow 
rates can be the optimum values, and the power 
converter 34 controls the amount of electricity out- 
put by the fuel cell body 31 , thereby successfully 
controlling the output power. An excess power pre- 
vention means 39 including a power detector 37 
and an arithmetic unit 38 is provided between the 
fuel cell body 31 and the power converter 34 so that 
the amount of electricity can be appropriately sup- 
pressed when there is a steep rise in electricity out- 
put. 

Figure 12 shows the configuration of the fuel 
cell power generation device (conventional technol- 
ogy 2) disclosed in Japanese Patent Laid-Open No. 
6-325774. In Figure 12, a fuel cell body 41 gener- 
ates DC power by reaction between hydrogen sup- 
plied by hydrogen supply means 42 and oxygen in 
the air supplied by air supply means 43, and a pow- 
er converter 44 outputs AC power after converting 
the DC power into the AC power. A control device 
45 controls a charge/discharge device 46 and the 
power converter 44, and can control the power out- 
put depending on an external load by the discharge 
from the charge/discharge device 46 or the charge 
to the charge/discharge device 46 although the 
amount of electricity from the fuel cell body 41 is 
constant. In the fuel cell power generation device, 
sincethe amount of electricity from the fuel cell body 
41 is constant when the power output is controlled 
depending on a fluctuating external load, the 



amount of charge or discharge of the charge/dis- 
charge device 46 becomes considerably large. 
Therefore, a large capacity charge/discharge de- 
vice 46 is required, and the entire device is costly 

5 and needs a large installation space. 

(B) The configuration of the conventional fuel cell 
power generation system (conventional technology 
3) disclosed in Japanese Patent Laid-Open No. 
5-182675 and others is described below by refer- 

10 ring to Figure 13 showing the configuration of the 
conventional fuel cell power generation system 
(conventional technology 3). 

[0003] In Figure 13, a fuel cell (body) 131 is connected 
15 toaload 134throughabattery 132andan output control 

means 133 including an inverter. 

[0004] The operations of the conventional fuel cell 

power generation system (conventional technology 3) 

are described below by referring to Figure 14 which is 
20 a graph for explanation of an example of an operation 

pattern of the conventional fuel cell power generation 

system (conventional technology 3). 

[0005] In Figure 14, the horizontal and vertical axes 

respectively indicate the time and power, and reference 
25 numerals 1 41 and 1 42 respectively denote a load power 

and output power. 

[0006] The load power 141 is rated power of W8c of 
the fuel cell body 131 from t2 to tS, and is W8d smaller 
than the rated power of the fuel cell body 131 from t1 to 
30 t2. 

[0007] On the other hand, in the fuel cell body 131 
(Figure 13), the output control means 133 performs a 
continuous operation by the rated power W8c from t2 to 
t3, and performs an intermittent operation by the rated 

35 power W8c from t1 to t2 so that the same amount of 
electricity as the load power 141 can be obtained. 
[0008] Therefore, the battery 1 32 (Figure 1 3) puts on 
charge and discharge the redundant power and the in- 
sufficient power in the period from t1 to t2. 

40 [0009] Since the fuel cell body 131 cannot continue 
generating power unless a high temperature can be 
constantly maintained, the energy such as the powerfor 
heating the fuel cell body 131 before generating power 
during power-up is required. Furthermore, since a stop- 

^5 ping operation is performed by safely emitting hydrogen 
remaining in the path while cooling it, the energy such 
as power, etc. is also required. 
[001 0] Since an intermittent operation is performed in 
the above mentioned conventional fuel cell power gen- 

50 eration system (conventional technology 3), energy is 
wasted each time power-up and power-down opera- 
tions are performed. 

[001 1 ] Although the configuration of the fuel cell pow- 
er generation system (conventional technology 4) is 
55 similar to that of the above mentioned fuel cell power 
generation system (conventional technology 3), the 
waste of the conventional technology can be avoided to 
a certain extent by changing the output power by follow- 
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ing the load power as shown in Figure 15 which is a 
graph for explanation of an example of an operation pat- 
tern of the conventional fuel cell power generation sys- 
tem (conventional technology 4). 
[0012] In Figure 15, the horizontal and vertical axes 
respectively indicate the time and the power. Reference 
numerals 143 and 144 respectively denote load power 
and output power. The load power 143 is high in the 
morning 143b, afternoon 143c, and evening 143d, and 
is low at midnight 143e and in the early morning 143a. 
[0013] The operation of the fuel cell body is controlled 
by the output power 144 following the load power 143 
between the maximum output power W9c and the min- 
imum output power W9d. Since the fuel cell body 1 has 
a continuously increasing amount of charge of the bat- 
tery 132 with excess power when the load power 143 is 
smallerthan the minimum output power W9d at midnight 
143e and in the early morning 143a, the operation is 
stopped. 

[0014] Thus, the conventional fuel cell power gener- 
ation system (conventional technology 4) is generally 
activated and stopped once a day, thereby more suc- 
cessfully reducing the waste energy during the power- 
up and power-down than the above mentioned fuel cell 
power generation system (conventional technology 3). 

(A) However, in the conventional fuel cell power 
generation device (conventional technology 1), 
when an external load command largely changes 
within a short time, the power control unit 35 has to 
control the output power by raising and dropping it 
within a short time, thereby possibly causing the 
hunting of output power because of the delay of 
control. As a result, there can arise the problem that 
the operation of the fuel cell power generation de- 
vice becomes unstable, the efficiency of the device 
is lowered, and the durability is shortened. 

(B) Additionally, there has been the problem that the 
fuel cell power generation system (conventional 
technology 4) wastes energy when the operation as 
shown in Figure 1 6 which is a graph for explanation 
of an example of another operation pattern of the 
conventional fuel cell power generation system 
(conventional technology 4) is performed. 

[0015] To be more practical, in the conventional fuel 
cell power generation system (conventional technology 
4), when there is a temporary rise 145b of load power 
145 when the operation is stopped, for example, at mid- 
night 145e or in the early morning 145a, the system is 
started but stopped soon. Furthermore, in the fuel cell 
power generation system (conventional technology 4), 
the stopping process is started but the activating proc- 
ess is soon performed when there is a temporary drop 
145d of the load power 145 during the operation, for ex- 
ample, In the afternoon 145c, etc. Thus, energy is wast- 
ed in the originally unnecessary activating and stopping 
operations. 



Disclosure of the Invention 

[0016] The present invention has been achieved to 
solve the above mentioned problems with the conven- 

5 tional technology, and aims at providing a power gener- 
ation control system, a power generation control meth- 
od, a program, and a medium for preventing the reduc- 
tion of the durability by. for example, stabilizing the op- 
eration of the fuel cell power generation device and im- 

10 proving the efficiency. 

[001 7] The present invention has also been achieved 
to solve the problem with the conventional technology, 
and aims at providing a power generation control sys- 
tem, a power generation control method, a program, and 

15 a medium capable of minimizing the waste of energy 
even when there arise a temporary rise or drop of power 
load. 

[0018] The 1st invention of the present invention (cor- 
responding to claim 1 ) is a power generation control sys- 
20 tem comprising: 

power detection means of detecting power request- 
ed by a load; and 

power generation control means of controlling pre- 
25 determined power generation means of generating 
all or a part of power to be supplied to the load using 
a command value generated in each second prede- 
termined period based on an average value of the 
detected power in a first predetermined period. 

30 

[0019] The 2nd invention of the present invention 
(corresponding to claim 2) is the power generation con- 
trol system according to the 1st invention of the present 
invention, wherein the command value generated in 
35 each second predetemnined period is generated based 
on an average value in the first predetenrined period 
with a starting time of the second predetermined period 
as an end time of the first predetermined period. 
[0020] The 3rd invention of the present invention (cor- 
40 responding to claim 3) is the power generation control 
system according to the 1st or 2nd invention of the 
present invention, wherein: 

said predetermined power generation means is a 
45 fuel cell; and 

excess or shortfall of the generated power relative 
to the requested power is adjusted using system 
power and/or battery. 

50 [0021] The 4th invention of the present invention (cor- 
responding ot claim 4) is the power generation control 
system according to the 3rd invention of the present in- 
vention, wherein: 

55 the excess or shortfall of the generated power can 
be adjusted using system power and battery; and 
said battery is used by priority over said system 
power. 
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[0022] The 5th invention of the present invention (cor- 
responding to claim 5) is the power generation control 
system according to the 3rd invention of the present in- 
vention, wherein said control is performed with amount 
of accumulation of the battery tal<en into account. 
[0023] The 6th invention of the present invention (cor- 
responding ot claim 6) is the power generation control 
system according to the 5th invention of the present in- 
vention, wherein said taking an amount of accumulation 
of the battery into account means amending the com- 
mand value corresponding to the difference between 
the amount of accumulation and a predetermined target 
amount of accumulation. 

[0024] The 7th invention of the present invention (cor- 
respondin to claim 7) is a power generation control 
method, comprising the steps of: 

detecting power requested by a load; and 
controlling predetemnined power generation means 
of generating all or a part of power to be supplied 
to the load using a command value generated in 
each second predetermined period based on an av- 
erage value of the detected power in a first prede- 
termined period. 

[0025] The 8th invention of the present invention (cor- 
responding to claim 8) is a power generation control sys- 
tem, comprising: 

power detection means of detecting power request- 
ed by a load; 

time accumulation means of accumulating a time at 
which the detected power requested by the load 
equal to or larger than a predetermined value when 
predetemnined power generation means does not 
generate power to be supplied to the load; and 
power generation control means of allowing said 
power generation means to start generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0026] The 9th Invention of the present invention (cor- 
responding to claim 9) is the power generation control 
system according to the 8th invention of the present in- 
vention, wherein said predetermined rule refers to al- 
lowing said power generation means to start generating 
power to be supplied to the load when (1) a total period 
of the time continuously accumulated in a predeter- 
mined period or (2) a total period of the time discontin- 
uously accumulated in a predetermined period exceeds 
a predetermined threshold. 

[0027] The 10th invention of the present invention 
(corresponding to claim 1 0) is the power generation con- 
trol system according to the 9th invention of the present 
invention, wherein said time accumulation means out- 
puts (1) the total period of the time continuously accu- 
mulated in the predetermined period or (2) the total pe- 
riod of the time discontinuously accumulated in the pre- 



determined period as a result of the accumulation. 
[0028] The 11th invention of the present invention 
(correspondingto claim 11) is the power generation con- 
trol system according to the 8th invention of the present 

5 invention, wherein said predetermined rule refers to al- 
lowing said power generation means to start generating 
power to be supplied to the load when a total period of 
continuously accumulated time exceeds a predeter- 
mined threshold. 

10 [0029] The 12th invention of the present invention 
(corresponding to claim 12) is a power generation con- 
trol system, comprising: 

power detection means of detecting power request- 
's ed by a load; 

time accumulation means of accumulating a time at 
which the detected power requested by the load 
equal to or smaller than a predetermined value 
when predetermined power generation means gen- 
20 erates power to be supplied to the load; and 

power generation control means of allowing said 
power generation means to stop generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

25 

[0030] The 13th invention of the present invention 
(corresponding to claim 13) Is a power generation con- 
trol system, comprising: 

30 power detection means of detecting power request- 
ed by a load; 

power accumulation means of accumulating power 
requested by the load in a predetermined period 
when predetermined power generation means does 
35 not generate power to be supplied to the load; and 
power generation control means of allowing said 
power generation means to start generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

40 

[0031] The 14th invention of the present invention 
(corresponding to claim 1 4) is the power generation con- 
trol system according to the 13th invention of the present 
invention, wherein said predetermined rule refers to al- 

45 lowing said power generation means to start generating 
power to be supplied to the load when the accumulated 
power exceeds a predetermined threshold. 
[0032] The 15th Invention of the present invention 
(corresponding to claim 15) Is a power generation con- 

50 trol system, comprising: 

power detection means of detecting power request- 
ed by a load; 

power accumulation means of accumulating power 
55 requested by the load in a predetermined period 
when predetermined power generation means gen- 
erates power to be supplied to the load; and 
power generation control means of allowing the 



4 



7 



EP 1 324 456 A1 



8 



power generation nneans to stop generating tiie 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0033] The 16th invention of the present Invention 
(corresponding to claim 16) is a power generation con- 
trol system, comprising: 

record accumulation means of accumulating a 
record of power requested by a load when prede- 
termined power generation means generates pow- 
er to be supplied to the load according to a prede- 
termined rule; and 

power generation control means of allowing the 
power generation means to start or stop generating 
power to be supplied to the load according to the 
accumulated record by priority over the rule. 

[0034] The 17th invention of the present invention 
(corresponding to claim 1 7) is the power generation con- 
trol system according to the 1 6th invention of the present 
Invention, wherein: 



predetermined rule based on the accumulation re- 
sult. 

[0037] The 20th Invention of the present invention 
5 (corresponding to claim 20) is a power generation con- 
trol method, comprising the steps of: 

detecting power requested by a load; 
accumulating power requested by the load in a pre- 
10 determined period when predetermined power gen- 
eration means does not generate power to be sup- 
plied to the load; and 

allowing said power generation means to start gen- 
erating the power to be supplied to the load using a 
15 predetermined rule based on the accumulation re- 
sult. 

[0038] The 21st invention of the present invention 
(corresponding to claim 21) is a power generation con- 
20 trol method, comprising the steps of: 

detecting power requested by a load; 
accumulating power requested by the load in a pre- 
determined period when predetermined power gen- 
eration means generates power to be supplied to 
the load; and 

allowing the power generation means to stop gen- 
erating the power to be supplied to the load using a 
predetermined rule based on the accumulation re- 
sult. 



a time at which said power generation means is al- 
lowed to start or stop generating power to be sup- 25 
plied to the load Is computed based on the accumu- 
lated record; and 

said power generation means is allowed to start or 
stop generating power to be supplied to the load 
practically at the computed time. 30 



[0035] The 18th invention of the present invention 
(corresponding to claim 1 8) is a power generation con- 
trol method, comprising the steps of: 

detecting power requested by a load; 
accumulating a time at which the detected power 
requested by the load indicates a value equal to or 
larger than a predetermined value when predeter- 
mined power generation means does not generate 
power to be supplied to the load; and 
allowing said power generation means to start gen- 
erating the power to be supplied to the load using a 
predetermined rule based on the accumulation re- 
sult. 

[0036] The 19th Invention of the present invention 
(corresponding to claim 19) is a power generation con- 
trol method, comprising the steps of: 

detecting power requested by a load; 
accumulating a time at which the detected power 
requested by the load indicates a value equal to or 
smallerthan a predetermined value when predeter- 
mined power generation means generates power to 
be supplied to the load; and 
allowing said power generation means to stop gen- 
erating the power to be supplied to the load using a 



[0039] The 22nd invention of the present invention 
(corresponding to claim 22) is a power generation con- 
trol method, comprising the steps of: 

accumulating a record of power requested by a load 
when predetermined power generation means gen- 
erates power to be supplied to the load according 
to a predetermined rule; and 
allowing the power generation means to start or 
stop generating power to be supplied to the load ac- 
cording to the accumulated record by priority over 
the rule. 

[0040] The 23rd invention of the present invention 
(corresponding to claim 23) is a program being used to 
direct a computer to function as all or a part of the power 
generation control system according to the 1 st invention 
of the present invention, comprising: 

power detection means of detecting power request- 
ed by a load; and 

power generation control means of controlling pre- 
determined power generation means of generating 
all or a part of power to be supplied to the load using 
a command value generated based on an average 
value of the detected power in a first predetermined 
period in each second predetermined period. 
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[0041] The 24th invention of the present invention 
(corresponding to clainn 24) is a program being used to 
direct a computer to function as all or a part of the power 
generation control system according to the 8th invention 
of the present invention, comprising: 

power detection means of detecting power request- 
ed by a load; 

time accumulation means of accumulating a time at 
which the detected power requested by the load in- 
dicates a value equal to or larger than a predeter- 
mined value when predetermined power generation 
means does not generate power to be supplied to 
the load; and 

power generation control means of allowing said 
power generation means to start generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0042] The 25th invention of the present invention 
(corresponding to claim 25) is a program being used to 
directs computer to function as all or a part of the power 
generation control system according to the 12nd 
present inveniton, comprising: 

power detection means of detecting power request- 
ed by a load; 

time accumulation means of accumulating a time at 
which the detected power requested by the load in- 
dicates a value equal to or smaller than a predeter- 
mined value when predetermined power generation 
means generates power to be supplied to the load; 
and 

power generation control means of allowing said 
power generation means to stop generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0043] The 26th Invention of the present invention 
(corresponding to claim 26) is a program being used to 
direct a computer to function as all or apart of the power 
generation control system according to the 13th present 
inveniton, comprising: 

power detection means of detecting power request- 
ed by a load; 

power accumulation means of accumulating power 
requested by the load in a predetemnined period 
when predetermined power generation means does 
not generate power to be supplied to the load; and 
power generation control means of allowing said 
power generation means to start generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0044] The 27th invention of the present invention 

(corresponding to claim 27) is a program being used to 
direct a computer to function as all or a part of the power 



generation control system according to the 15th inven- 
tion of the present invention, comprising: 

power detection means of detecting power request- 
5 ed by a load; 

power accumulation means of accumulating power 
requested by the load in a predetermined period 
when predetermined power generation means gen- 
erates power to be supplied to the load; and 
10 power generation control means of allowing the 
power generation means to stop generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

15 [0045] The 28th invention of the present invention 
(corresponding to claim 28) is a program being used to 
direct a computer to function as all or a part of the power 
generation control system according to claim 16, com- 
prising: 

20 

record accumulation means of accumulating a 
record of power requested by a load when prede- 
termined power generation means generates pow- 
er to be supplied to the load according to a prede- 
25 termined rule; and 

power generation control means of allowing the 
power generation means to start or stop generating 
power to be supplied to the load according to the 
accumulated record by priority over the rule. 

30 

[0046] The 29th invention of the present invention cor- 
responding to claim 29) is a computer-processible me- 
dium storing a program being used to direct a computer 
to function as all or a part of the power generation control 
35 system according to the 1 st invention of the present in- 
vention, comprising: 

power detection means of detecting power request- 
ed by a load; and 
40 power generation control means of controlling pre- 
determined power generation means of generating 
all or a part of power to be supplied to the load using 
a command value generated based on an average 
value of the detected power in a first predetermined 
45 period in each second predetermined period. 

[0047] The 30th invention of the present invention 
(corresponding to claim 30) is a computer-processible 
medium storing a program being used to direct a com- 
50 puterto function as all or a part of the power generation 
control system according to the 8th invention of the 
present invention, comprising: 

power detection means of detecting power request- 
55 ed by a load; 

time accumulation means of accumulating a time at 
which the detected power requested by the load in- 
dicates a value equal to or larger than a predeter- 
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mined value when predetermined power generation 
means does not generate power to be supplied to 
the load; and 

power generation control means of allowing said 
power generation means to start generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0048] The 31st invention of the present invention 
(corresponding to claim 31) is a computer-processlble 
medium storing a program being used to direct a com- 
puter to function as all or a part of the power generation 
control system according to the 12th invention of the 
present invention, comprising: 

power detection means of detecting power request- 
ed by a load; 

time accumulation means of accumulating a time at 
which the detected power requested by the load in- 
dicates a value equal to or smaller than a predeter- 
mined value when predetemnined power generation 
means generates power to be supplied to the load; 
and 

power generation control means of allowing said 
power generation means to stop generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0049] The 32nd invention of the present invention 
(corresponding to claim 32) is a computer-processlble 
medium storing a program being used to direct a com- 
puter to function as all or a part of the power generation 
control system according to the 13th invention of the 
present invention, comprising: 

power detection means of detecting power request- 
ed by a load; 

power accumulation means of accumulating power 
requested by the load in a predetermined period 
when predetermined power generation means does 
not generate power to be supplied to the load; and 
power generation control means of allowing said 
power generation means to start generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0050] The 33rd invention of the present invention 
(corresponding to claim 33)is a computer-processlble 
medium storing a program being used to direct a com- 
puter to function as all or a part of the power generation 
control system according to the 15th invention of the 
present Invention, comprising: 

power detection means of detecting power request- 
ed by a load; 

power accumulation means of accumulating power 

requested by the load in a predetermined period 
when predetermined power generation means gen- 
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erates power to be supplied to the load; and 
power generation control means of allowing the 
power generation means to stop generating the 
power to be supplied to the load using a predeter- 
mined rule based on the accumulation result. 

[0051] The 34th invention of the present invention 
(corresponding to claim 34) is a computer-processlble 
medium storing a program being used to direct a com- 
puter to function as all or a part of the power generation 
control system according to the 16th invention of the 
present invention, comprising: 

record accumulation means of accumulating a 
record of power requested by a load when prede- 
termined power generation means generates pow- 
er to be supplied to the load according to a prede- 
termined rule; and 

power generation control means of allowing the 
power generation means to start or stop generating 
power to be supplied to the load according to the 
accumulated record by priority over the rule. 

Brief Description of the Drawings 

[0052] 

Figure 1 shows a configuration of a system of a fuel 
cell power generation device according to a first em- 
bodiment of the present Invention; 
Figure 2 shows a configuration of a system of a fuel 
cell power generation device according to a second 
embodiment of the present invention; 
Figure 3 shows a controlling operation of the fuel 
cell power generation device according to the first 
embodiment of the present invention; 
Figure 4 shows a controlling operation of the fuel 
cell power generation device according to the sec- 
ond embodiment of the present Invention; 
Figure 5 is a graph for explanation of an example 
of an operation pattern of a fuel cell power genera- 
tion system according to a third embodiment of the 
present invention; 

Figure 6 is a graph for explanation of an example 
of an operation pattern of a fuel cell power genera- 
tion system according to a fourth embodiment of the 
present invention; 

Figure 7 is a graph for explanation of an example 
of an operation pattern of a fuel cell power genera- 
tion system according to a fifth embodiment of the 
present invention; 

Figure 8 Is a graph for explanation of an example 
of an operation pattern of a fuel cell power genera- 
tion system according to a sixth embodiment of the 
present invention; 

Figure 9 Is a graph for explanation of an example 
of an stopping pattern of a fuel cell power genera- 
tion system according to a seventh embodiment of 
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the present invention; 

Figure 10 sliows a configuration of tine system of 

tine fuel cell power generation system according to 

the third embodiment of the present Invention; 

Figure 11 shows a configuration of a system of a 

conventional fuel cell power generation device 

(conventional technology 1); 

Figure 12 shows a configuration of a system of a 

conventional fuel cell power generation device 

(conventional technology 2); 

Figure 13 shows a configuration of a system of a 

conventional fuel cell power generation system 

(conventional technology 3); 

Figure 14 is a graph for explanation of an example 

of an operation pattern of a conventional fuel cell 

power generation system (conventional technology 

3) ; 

Figure 1 5 is a graph for explanation of an example 
of an operation pattern of a conventional fuel cell 
power generation system (conventional technology 

4) ; and 

Figure 1 6 is a graph for explanation of another ex- 
ample of an operation pattern of a conventional fuel 
cell power generation system (conventional tech- 
nology 4). 

[Description of Symbols] 

[0053] 

1 fuel cell body 

2 hydrogen supply means 

3 air supply means 

4 output control means 

5 power conversion device 

6 output line 

7 system power 

8 load detection means 

9 power load 

1 0 output command device 

1 1 flow rate control device 

12 system power connection line 

21 accumulation means 

22 connection line 

23 accumulation amount control device 

24 accumulation amount detection means 

Best Mode for Carrying out the Invention 

[0054] The embodiments according to the present in- 
vention will be described below by referring to the at- 
tached drawings. 

(Embodiment 1) 

[0055] First, a configuration of a fuel cell power gen- 
eration device according to a first embodiment of the 
present invention will be described below by referring to 



Figure 1 showing the configuration of the system of the 
fuel cell power generation device according to the first 
embodiment of the present invention. 
[0056] To a fuel cell body 1 , hydrogen supply means 

5 2 represented by a reformer, a hydrogen storage alloy, 
a hydrogen bomb, etc, and air supply means 3 repre- 
sented by an air blower, a blower pump, etc. are con- 
nected. One terminal of output control means 4 is elec- 
trically connected to the fuel cell body 1 , and another 

10 terminal is electrically connected to a power conversion 
device 5. An output line 6 is electrically connected to the 
power conversion device 5, branched in the line, one 
terminal is electrically connected to a system power 7 
through a system power connection line 1 2 while anoth- 

15 er terminal is electrically connected to load detection 
means 8 and a power load 9. Output command device 
10 issues an output command to the output control 
means 4, and a flow rate control device 1 1 controls the 
hydrogen supply means 2 and the air supply means 3. 

20 [0057] The output control means 4, the output com- 
mand device 10, and the means including the flow rate 
control device 11 correspond to the power generation 
control means according to the present invention, and 
the load detection means 8 corresponds to power de- 

25 tection means according to the present invention. The 
fuel cell power generation device according to the first 
embodiment of the present invention corresponds to 
means including the power generation control system 
according to the present invention. 

30 [0058] Described below will be the operation of the fu- 
el cell power generation device according to the first em- 
bodiment of the present invention. While describing the 
operation of the fuel cell power generation system ac- 
cording to the first embodiment of the present invention, 

35 an embodiment of the power generation control method 
according to the present invention is also described (as 
in the following descriptions). 

[0059] The hydrogen supplied by the hydrogen supply 
means 2 reacts with the oxygen In the air supplied by 

40 the air supply means 3 in the fuel cell body 1 to generate 
DC power. The amount of electricity of the generated 
DC power is controlled by the output control means 4, 
then transmitted to the power conversion device 5, con- 
verted into AC power having the same voltage as the 

45 system power 7, and supplied to the power load 9 
through the output line 6. At this time, power conversion 
efficiency indicates how the input power into the power 
conversion device 5 is converted into the output power 
from the power conversion device 5. If the output power 

50 of the fuel cell body 1 is short relative to the load power 
of the power load 9, the power is also supplied by the 
system power 7. On the other hand, if the output power 
is excessive relative to the load power, then the power 
is returned to the system power 7, thereby perfomning 

55 a system linkage operation. 

[0060] An object of the power generation by a fuel cell 
power generation device is to obtain the economical ef- 
ficiency by the high efficiency. However, when the output 
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power is short relative to the load power, power is pur- 
chased from the system power 7. On the other hand, 
when the output power is excessive relative to the load 
power, the purchased power Is returned at a low price 
to the system power 7, thereby normaliy lowering the 
economical efficiency. Therefore, it is demanded that 
the output power can closely follow the change of the 
load power such that the output power can be prepared 
in proper quantities relative to the load power. 
[0061] As means of following the load power, the load 
detection means 8 first detects the load power of the 
power load 9. Based on the detection result, the output 
command device 10 issues an output command value 
to the output control means 4, the output control means 
4 controls the DC power generated by the fuel cell body 
1 at the request value. Depending on the DC power val- 
ue, the flow rate control device 1 1 controls the hydrogen 
flow rate from the hydrogen supply means 2 and the air 
flow rate from the air supply means 3 at the appropriate 
value. The output power can be controlled only by the 
output control means 4 perfonning the DC power con- 
trol. However, if the hydrogen flow rate to the fuel cell 
body 1 is constant, and a smaller amount of DC power 
is generated by the fuel cell body 1 , then the ratio of the 
hydrogen (hydrogen utilization rate) reacting in the fuel 
cell body 1 is reduced and a large volume of hydrogen 
is wasted, thereby exceedingly lowering the efficiency. 
Thus, by the flow rate control device 11 controlling the 
hydrogen flow rate and the air flow rate at the appropri- 
ate value, the efficiency can be optimally maintained. 
[0062] In a series of following controlling processes, 
the load power can incessantly change within a short 
time. If the load power is used as an output command 
as is, the DC power rises or drops within a short time, 
thereby causing the trouble that the delay of control in- 
duces hunting and an unstable operation of the fuel cell 
power generation device. Furthermore, when a reformer 
for generating hydrogen from a hydrocarbon fuel by ca- 
talysis Is used as the hydrogen supply means 2, the 
process by catalysis cannot follow an instant change of 
an output command value, thereby causing the problem 
of lowered efficiency and reduced durability. 
[0063] According to an embodiment of the present in- 
vention, as shown in Figure 3 showing the fuel cell pow- 
er generation device according to the first embodiment 
of the present invention, the output command device 1 0 
computes an output command by obtaining an average 
value of the load power in the penod of time T1 (first 
predetermined period) with the power conversion effi- 
ciency taken into account, and sets the output command 
value as a DC power value to be set by the output control 
means 4 every time T2 (second predetermined period). 
Using the average value of the load power in the time 
T1 for an output command value, an appropriate output 
command can be issued regardless of an instant 
change, and using an output command every time T2, 
the device can be operated depending on its response 
time (timeT2 (second predetermined period) (The com- 



mand value generated each time T2 (second predeter- 
mined period) is based on the average value in the pe- 
riod of the time T1 (first predetermined period) ending 
at the starting time of the second predetermined period. 

5 [0064] As an example, when the optimum control val- 
ue in the domestic operation of a solid polymer fuel cell 
power generation device of 1 .5 KW output is obtained, 
a result of T1 =3 minutes and T2 = 1 minute indicating 
T1 : T2 = approximately 3: 1 is output. That is, in this 

10 example, the optimum operation control can be per- 
formed by issuing an output command value based on 
an average load power in 3 minutes to a device each 
minute. 

[0065] Thus, according to the first embodiment of the 
15 present invention, the optimum output command can be 
issued regardless of an instant change by applying an 
average value in the period of the time T1 of the load 
power to an output command value, and an operation 
of a device can be optimally performed corresponding 
20 to the response time of the device by issuing an output 
command each time T2. As a result, the fuel cell power 
generation device can be stably operated with high ef- 
ficiency and longer durability. 

25 (Embodiment 2) 

[0066] The configuration of the fuel cell power gener- 
ation device according to a second embodiment of the 
present invention will be described below by referring to 

30 Figure 2 showing the configuration of the system of the 
fuel cell power generation device according to a second 
embodiment of the present invention. The means also 
appearing in the above mentioned first embodiment is 
assigned the same reference numeral, and the expla- 

35 nation is omitted here. 

[0067] Accumulation means 21 is branched from a 
connection line 22 connecting the output control means 
4 to the power conversion device 5, and connected 
through an accumulation amount control device 23. Ac- 

40 cumulation amount detection means 24 is connected to 
the accumulation means 21 . An object of providing the 
accumulation means 21 is to solve the problem with the 
first embodiment that the economical efficiency is re- 
duced in the system linkage operation by adjusting the 

^5 power relating to the system power 7 due to the excess 
or deficient output power relative to the load power. That 
is, using the charge/discharge of the accumulation 
means 21 , the amount of power supply from the system 
power 7 and the amount of return power to the system 

50 power 7 can be minimized, thereby improving the eco- 
nomical efficiency (the accumulation means 21 (battery) 
is used by priority over the system power 7), 
[0068] Described below will be the operation of the fu- 
el cell power generation device according to the second 

55 embodiment of the present invention. As shown in Fig- 
ure 4, the output command device 10 operates an av- 
erage power W1 in the period of time T1 ofthe load pow- 
er detected by the load detection means 8. The power 
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W2 (= Q3 / T2) is obtained by dividing the shortage of 
acxiumulation Q3 (= Q2 - Q1) which is a difference be- 
tween the current amount of accumulation Q1 detected 
by the accumulation amount detection means 24 and 
the target amount of accumulation Q2 by the time T2. 
The power W2 is added to the average power W1 to 
obtain W3 (= W1 + W2). Then, an output command val- 
ue is obtained from the W3 with the power conversion 
efficiency tal<en into account, and the DC power value 
of the fuel cell body 1 corresponding to the output com- 
mand value is issued to the output control means 4 each 
time T2. The output command value is defined as the 
DC power value set each time T2 by the output control 
means 4. In addition, the shortage of accumulation Q3 
is controlled to be accumulated in the accumulation 
means 21 by the accumulation amount control device 
23 (a command value is amended depending on the dif- 
ference between an amount of accumuiation and a pre- 
determined target amount of accumulation), 
[0069] The series of the above mentioned controlling 
operations are performed by adding the accumulation 
amount control to the following control (refer to Figure 
3) according to the first embodiment of the present in- 
vention, When the average power W1 is defined as an 
output command value as is, then the amount of accu- 
muiation is not controlied, thereby possibly accumulat- 
ing the difference between the target amount of accu- 
mulation Q2 and the current amount of accumulation Q1 
gradually. For example, when the amount of accumula- 
tion gradually decreases with the amount of discharge 
exceeding the amount of charge, the accumulation 
means 21 of a large capacity is to be prepared not to 
reduce the amount of accumulation down to zero, there- 
by requiring the higher cost and larger device installation 
space. Therefore, according to the second embodiment 
of the present invention, an output command value is 
obtained by tal<ing the power conversion efficiency into 
account for W3 (= W1 + W2) obtained by adding the 
power W2 (= Q3/T2) compensating for the shortage of 
accumuiation Q3 (=Q2 - Q1) in the time period T2 for 
specification of the output command value. Thus, the 
amount of accumulation is controlled to constantly con- 
verge into the target amount of accumulation Q2, there- 
by minimizing the requirements for the accumulation 
means 21 . 

[0070] Thus, according to the second embodiment of 
the present invention, the requirements for the accumu- 
lation means 21 can be minimized by controlling the 
amount of accumulation to converge into the target 
amount of accumulation Q2, thereby reducing the cost 
and size of the device. 

[0071] In the above mentioned first and second em- 
bodiments of the present invention, the predetermined 
period T1 used for obtaining the average power W1 and 
the predetermined period T2 used for issuing a com- 
mand value to the output control means can satisfy the 
expression of T1 > T2 (where T1 can be a period equal 
to or longer than 1 second, and equal to or shorter than 



1 hour). 

(Embodiment 3) 

5 [0072] Then, the configuration of the fuel cell power 
generation system according to a third embodiment of 
the present invention is described below by referring to 
Figure 1 0 showing the configuration of the fuel cell pow- 
er generation system of the third embodiment of the 

10 present invention. 

[0073] In Figure 10, the host 101, output control 
means 102, and ioad detection means 103 are serially 
connected in this order, a ioad 104 wastes the power 
connected to the load detection means 1 03, and a bat- 

15 tery 1 05 is branched and connected from the connection 
portion between the output control means 102 and the 
load detection means 103. 

[0074] The fuel cell body 1 01 corresponds to means 
including the power generation means according to the 

20 present invention, the load detection means 103 corre- 
sponds to means including the power detection means 
according to the present invention, the output control 
means 102 corresponds to means including the power 
generation control means and the time accumulation 

25 means according to the present invention. The fuel cell 
power generation system according to the third embod- 
iment of the present invention corresponds to means in- 
cluding the power generation control system according 
to the present invention. 

30 [0075] Then, the operations of the fuel cell power gen- 
eration system according to the third embodiment of the 
present invention are described below by referring to 
Figure 5 showing a graph for explanation of an example 
of an operation pattern of the fuel cell power generation 

35 system according to the third embodiment of the present 
invention. 

[0076] The output control means 1 02 controls the ac- 
tivation stop of the system, and the output power of the 
fuel cell body 1 01 so that the power of the ioad 1 04 de- 

40 tected by the load detection means 1 03 can be followed 
(when the output power of the fuel cell body 1 01 cannot 
follow the power of the load 1 04, the excess power and 
shortfall power are buffered by the charge and dis- 
charge of the battery 1 05). 

^5 [0077] An example of an operation pattern shown in 
Figure 5 is a model of an operation pattern of a common 
home in a day. The horizontal and vertical axes respec- 
tively indicate time and power. Reference numerals 111 
and 112 respectively denote load power and output 

50 power. 

[0078] Load power 111 is high in the morning 111b, 
afternoon 111c, and evening 111 d, and low at midnight 
1 1 1 e and in the early morning 111a. 
[0079] On the other hand, the operation of the fuel cell 
55 body 1 01 is controlled by the output control means 1 02 
such that the output power 1 1 2 following the load power 
111 can be obtained between maximum output power 
Wic and minimum output power W1 d. 
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[0080] According to the third embodiment of the 
present invention, when the load power 111 transfers, 
for example, from the low level in the early morn ing 1 1 1 a, 
etc. to the high level in the morning 111b, etc., and when 
the load power not less than a predetermined value W1 a 
is maintained for not less than a predetermined time 
Tia, the system is activated. In contrast, when the load 
power 111 transfers, for example, from the high level in 
the evening Hid, etc. to the low level at midnight Hie, 
etc., and, for example, when the load power lower than 
a predetermined value Wlb is maintained for not less 
than a predetermined time Tib, the system is stepped. 
[0081] Although there arises an instant rise or drop of 
a power load, an unnecessary activating (stopping) op- 
eration can be prevented by the control of the operation 
in which power generation is started (or stopped) when 
continuously accumulated time exceeds (or falls below) 
a predetermined threshold, thereby successfully per- 
forming one activating (stopping) operation in one day. 
That is, the waste of energy during the activating/stop- 
ping operation can be minimized. 

(Embodiment 4) 

[0082] The configuration and the operation of the fuel 
cell power generation system according to the fourth 
embodiment of the present invention is described below 
by referring to Figure 6 which is a graph for explanation 
of an example of an operation pattern of the fuel cell 
power generation system according to the fourth em- 
bodiment of the present invention. 
[0083] The configuration and the operations of the fu- 
el cell power generation system according to the fourth 
embodiment of the present invention are similar to the 
configuration and the operations of the fuel cell power 
generation system according to the third embodiment of 
the present invention, in Figure 6, the horizontal and ver- 
tical axes respectively indicate time and power. Refer- 
ence numerals 113 and 114 respectively denote load 
power and output power. The load power 113 is high in 
the morning 113b, afternoon 113c, and evening 113d, 
and is low at midnight 113e and in the early morning 
113a. 

[0084] However according to the fourth embodiment 
of the present invention, the operation of the fuel cell 
body is controlled by the output control means such that 
the output power 114 following the load power 113 can 
be obtained between maximum output power W2c and 
minimum output power W2d. 

[0085] When the load power 113 transfers from the 
low level in the early morning 1 1 3a, etc. to the high level 
in the morning 113b, etc., and when the load power not 
less than a predetermined value W2a is generated at a 
predetermined or higher ratio R2a in a predetermined 
time T2a, the system is activated. When the load power 
113 transfers from the high level in the evening 113d, 
etc. to the low level at midnight 1 1 3e, and when the load 
power at or below a predetermined value W2b is gen- 



erated at a predetermined or higher ratio R2b in a pre- 
determined time T2b, the system is stopped. 
[0086] For example, when R2a = 70%, the system is 
activated when the load power at or over the predeter- 

5 mined value W2a is generated over 70% in the prede- 
termined time T2a in the activating operation. Therefore, 
an instant value of the load power 113 falls not more 
than W2a in the activation discrimination time (T2a) in 
113f, it is ignored (little influenced). In contrast, when 

10 R2b = 70%, the system is stopped when the load power 
at or below the predetermined value W2b is generated 
over 70% in the predetermined time T2b in the stopping 
operation. Therefore, an instant value of the load power 
113 falls not less than W2b in the stop discrimination 

15 time (T2b) in 11 3g, it is ignored. 

[0087] As described above, by controlling the opera- 
tion of starting (stopping) generation of power when (1) 
the total period of continuously accumulated time or (2) 
the total period of discontinuously accumulated time ex- 

20 ceeds (falls below) a predetermined threshold, an un- 
necessary activating (stopping) operation can be pre- 
vented, and one activating (stopping) operation can be 
performed in one day. That is, the waste of energy dur- 
ing the activating/stopping operation can be minimized 

25 (it is obvious that the output of the time accumulation 
means (corresponding to the means included in the out- 
put control means according to the fourth embodiment) 
according to the present invention can be a total time in 
a predetermined period, or can be each time before 

30 computing the total value). 

[0088] Furthermore, as compared with the above 
mentioned third embodiment of the present invention, 
the required amount of accumulation of the battery can 
be reduced by reducing the shortfall of the power due 

35 to the delay of activation or the excess power due to the 
delay of a stopping operation, thereby realizing a lower 
cost system. 

(Embodiment 5) 

40 

[0089] The configuration and the operation of the fuel 
cell power generation system according to a fifth em- 
bodiment of the present invention will be described be- 
low by referring to Figure 7 which is a graph for expla- 

45 nation of an example of an operation pattern of the fuel 
cell power generation system according to the fourth 
embodiment of the present invention. 
[0090] The configuration and the operations of the fu- 
el cell power generation system according to the fourth 

50 embodiment of the present invention are similar to the 
configuration and the operations of the fuel cell power 
generation system according to the third embodiment of 
the present invention (the output control means accord- 
ing to the fifth embodiment corresponds to the power 

55 generation control means and power accumulation 
means according to the present invention). In Figure 7, 
the horizontal and vertical axes respectively indicate 
time and power. Reference numerals 115 and 116 re- 
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spectively denote load power and output power. The 
load power 115 is high in the nnorning 115b, afternoon 
115c, and evening 115d, and is lowatnnidnight 115eand 
in the early morning 115a. 

[0091] However, according to the fourth embodiment 
of the present invention, the operation of the fuel cell 
body is controlled by the output control means such that 
the output power 116 following the load power 115 can 
be obtained between maximum output power W3c and 
minimum output power W3d. 

[0092] When the load power 115 transfers from the 

low level in the early morning 1 1 5a, etc. to the high level 
in the morning 115b, etc., and when the average load 
power obtained by dividing a load power accumulation 
amount by a time exceeds a predetermined value W3a 
in a predetermined time T3a, the system is activated. 
When the load power 115 transfers from the high level 
in the evening 115d, etc. to the low level at midnight 
1 15e, and when the average load power obtained by di- 
viding a load power accumulation amount by a time falls 
not more than a predetermined value W3b in a prede- 
termined time T3b, the system is stopped. 
[0093] Therefore, a value of the load power 1 1 5 falls 
for a moment in the activation discrimination time (T3a) 
in 11 5f, it is ignored. Likewise, a value of the load power 
115 rises for a moment in the stop discrimination time 
(T3b) in 115g, it is ignored. 

[0094] Thus, by controlling the operation of starting 
(stopping) generation of power when the accumulated 
power exceeds (falls below) a predetennined threshold, 

an unnecessary activating (stopping) operation can be 
prevented, and one activating (stopping) operation can 
be perfomned in one day. That is, the waste of energy 
during the activating/stopping operation can be mini- 
mized. 

[0095] Furthermore, the delay of activation and stop 
can be reduced as compared with the cases according 
to the above mentioned third embodiment and the re- 
quired amount of accumulation of the battery can be re- 
duced by reducing the shortfall of the power due to the 
delay of activation or the excess power due to the delay 
of a stopping operation, thereby realizing a lower cost 
system. 

(Embodiment 6) 

[0096] The configuration and the operation of the fuel 
cell power generation system according to the fourth 
embodiment of the present invention is described below 
by referring to Figure 8 which is a graph for explanation 
of an example of an operation pattern of the fuel cell 
power generation system according to the fourth em- 
bodiment of the present invention. 
[0097] The configuration and the operations of the fu- 
el cell power generation system according to the fourth 
embodiment of the present invention are similar to the 
configuration and the operations of the fuel cell power 
generation system according to the third embodiment of 



the present invention (the output control means accord- 
ing to the fifth embodiment corresponds to the power 
generation control means and means including record 
accumulation means according to the present Inven- 

5 tion). In Figure 8, the horizontal and vertical axes re- 
spectively indicate time and power. 
[0098] However, the output control means according 
to the present invention computes the optimum daily ac- 
tivation time B with the time at which system was to be 

10 activated taken into account, and when predetermined 
number of days in the stored optimum activation time B 
enters the range of a predetermined time T4a, it com- 
putes an average time BO of the optimum activation 
times B, and activates the system (reference numerals 

15 117 and 118 respectively denote load power including 
values for the days, and output power also including val- 
ues for the days). 

[0099] By performing, with advantage over a prede- 
termined rule (for example, a rule in one of the above 

20 mentioned conventional technologies can be used) for 
generating power, the control of the start of generating 
power based on the accumulated record, the delay of 
activation can be reduced as compared with the cases 
according to the above mentioned third through fifth em- 

25 bodiments, and the required amount of accumulation of 
the battery can be further reduced. 

(Embodiment 7) 

30 [01 00] The configuration and the operation of the fuel 
cell power generation system according to the fourth 
embodiment of the present invention is described below 
by referring to Figure 9 which is a graph for explanation 
of an example of a stopping pattern of the fuel cell power 

35 generation system according to the fourth embodiment 
of the present invention. 

[01 01 ] The configuration and the operations of the fu- 
el ceii power generation system according to the fourth 
embodiment of the present invention are similar to the 

40 configuration and the operations of the fuel cell power 
generation system according to the third embodiment of 
the present invention. In Figure 9, the horizontal and ver- 
tical axes respectively indicate time and power. 
[0102] However, the output control means according 

45 to the present invention computes the optimum daily 
stop time D with the time at which system was to be 
stopped taken into account, and when predetermined 
number of days in the stored optimum stop time D enters 
the range of a predetermined time T5b, it computes an 

50 averagetimeDOof the optimum stop times D, and stops 
the system (reference numerals 119 and 120 respec- 
tively denote load power including values for the days, 
and output power also including values for the days). 
[0103] By perfomning, with advantage over a prede- 

55 termined rule for generating power, the control of the 
end of generating power based on the accumulated 
record, the delay of stop can be reduced as compared 
with the cases according to the above mentioned third 
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through fifth embodiments, and the requirements for the 
battery can be further reduced. 

[0104] Described above are the first to seventh em- 
bodiment of the present invention. 
[0105] In short, the present invention includes a pow- 
er generation control system which comprises power 
detection means of detecting power requested by a load 
and power generation control means of controlling pre- 
determined power generation means of generating all 
or a part of power to be supplied to a load using a com- 
mand value generated based on an average value of 
the detected power in a first predetermined period in 
each second period (it is obvious that the predetermined 
power generation means is a fuel cell, and the excess 
or shortfall of the generated power relative to the re- 
quested power is adjusted using system power and/or 
battery). 

[0106] The present invention also includes a power 
generation control system which comprises power de- 
tection means of detecting power requested by a load, 
time accumulation means of accumulating a time at 
which power requested by the detected load indicates 
a value equal to or larger than a predetermined value 
when predetermined power generation means does not 
generate power to be supplied to the load, and power 
generation control means of allowing the power gener- 
ation means to start generating the powerto be supplied 
to the load using a predetemnined rule based on an ac- 
cumulation result. 

[0107] The present Invention also Includes a power 
generation control system which comprises power de- 
tection means of detecting power requested by a load, 
time accumulation means of accumulating a time at 
which power requested by the detected load indicates 
a value equal to or smaller than a predetemnined value 
when predetermined power generation means gener- 
ates power to be supplied to the load, and power gen- 
eration control means of allowing the power generation 
means to stop generating the power to be supplied to 
the load using a predetennined rule based on an accu- 
mulation result. 

[0108] The present invention also includes a power 
generation control system which comprises power de- 
tection means of detecting power requested by a load, 
power accumulation means of accumulating power re- 
quested by the load in a predetermined period when pre- 
determined power generation means does not generate 
powerto be supplied to the load, and power generation 
control means of allowing the power generation means 
to start generating the power to be supplied to the load 
using a predetermined rule based on an accumulation 
result. 

[0109] The present invention also includes a power 
generation control system which comprises power de- 
tection means of detecting power requested by a load, 
power accumulation means of accumulating power re- 
quested by the load in a predetermined period when pre- 
determined power generation means generates power 



to be supplied to the load, and power generation control 
means of allowing the power generation means to stop 
generating the powerto be supplied to the load using a 
predetermined rule based on an accumulation result. 

5 [0110] The present invention further includes a power 
generation control system which comprises record ac- 
cumulation means of accumulating a record of power 
requested by the load when predetermined power gen- 
eration means generates power to be supplied to the 

10 load according to a predetermined rule, and power gen- 
eration control means of allowing the power generation 
means to start or stop generating power to be supplied 
to the load according to the accumulated record by pri- 
ority over the rule. 

15 [0111] The present invention can also be a program 
used to direct a computer to perform the functions of all 
or a part of means (or devices, elements, circuits, units, 
etc.) of the power generation control system according 
to the present invention, and a program cooperating with 

20 the computer. It is obvious that the computer according 
to the present invention can include not only purely hard- 
ware such as a CPU but also firmware, an OS, and pe- 
ripheral units. 

[0112] Furthermore, the present invention can also be 

25 a program used to direct a computer to perform the op- 
erations of all or apart of steps (or processes, opera- 
tions, effects, etc.) of the power generation control meth- 
od according to the present invention, and a program 
cooperating with the computer. 

30 [01 13] A part of the means (or devices, elements, cir- 
cuitS; unit, etc.) of the present invention, and a part of 
the steps (or processes, operations, effects, etc.) indi- 
cate some means or steps in the plurality of means or 
steps, or a part of the functions or a part of the operations 

35 in one means or step. 

[0114] A part of the devices (or elements, circuit, 
units, etc.) of the present invention indicate some devic- 
es in the plurality of devices, or a part of the means (or 
elements, circuits, units, etc.) in one device, or indicate 

40 a part of the functions in one means. 

[0115] The present invention further includes a com- 
puter-readable storage medium storing a program ac- 
cording to the present invention. An embodiment of the 
program according to the present invention can be 

^5 stored in a computer-readable storage medium, and co- 
ordinate with the computer. An embodiment of the pro- 
gram according to the present invention can also be 
transmitted through a transmission medium, read by the 
computer, and cooperate with the computer. A storage 

50 medium can be ROM, etc., and a transmission medium 
can be a transmission medium such as Internet, etc., 
light, electric wave, sound wave, etc. 
[0116] The configuration of the present invention can 
be realized by either software or hardware. 

55 [0117] The present invention can also be a storage 
medium storing program used to direct a computer to 
perform the functions of all or a part of means of all or 
a part of the power generation control system according 
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to the present invention, and a conn puter- read able stor- 
age medium, and tine program can cooperate with the 
computer to perform the above mentioned functions. 
[0118] The present Invention can also be a storage 
medium storing program used to direct a computer to 
perform the operations of all or a part of steps of all or 
a part of the power generation control method according 
to the present invention, and a computer-readable stor- 
age medium, and the program can cooperate with the 
computer to perform the above mentioned operations. 
[0119] Thus, the present invention is a fuel cell power 
generation system comprising, for example, a fuel cell 
body, and output control means of activating/stopping 
the system and controlling output power of the fuel cell 
body such that the load power detected by load detec- 
tion means can be followed, activates the system when 
the load power not less than a predetermined value W1 a 
continues longer than a predetermined time T1a, and 
stops the system when the load power lower than a pre- 
determined value W1b continues longer than a prede- 
termined time T1b. 

[0120] Additionally, the present invention is a fuel cell 
power generation system comprising, for example, a fu- 
el cell body, and output control means of activating/stop- 
ping the system and controlling output power of the fuel 
cell body such that the load power detected by load de- 
tection means can be followed, activates the system 
when load power not less than a predetermined value 
W2a is generated at a ratio higher than a predetermined 
ratio R2a in a predetermined time T2a, and stops the 
system when load power not more than a predetermined 
value W2b is generated at a ratio higher than a prede- 
termined ratio R2b in a predetermined timeT2b. 
[01 21 ] Furthermore, the present invention is a fuel cell 
power generation system comprising, for example, a fu- 
el cell body, and output control means of activating/stop- 
ping the system and controlling output power of the fuel 
cell body such that the load power detected by load de- 
tection means can be followed, activates the system 
when the average load power obtained by dividing a 
load power accumulation amount by a time exceeds a 
predetermined value W3a in a predetermined time T3a, 
and stops the system when the average load power ob- 
tained by dividing a load power accumulation amount 
by a time falls below a predetermined value W3b in a 
predetermined time T3b. 

[0122] The present invention is the fuel cell power 
generation system which sets an optimum activation 
time at a daily activation time, and activates the system 

at an average time of the optimum activation time when 
the difference among the optimum activation times 
stored every day becomes in the range of a predeter- 
mined time T4a. 

[0123] The present invention is the fuel cell power 
generation system which sets an optimum stop time at 
a daily stop time, and stops the system at an average 
time of the optimum stop time when the difference 
among the optimum stop times stored every day be- 



comes in the range of a predetermined time T5b. 
[0124] Furthermore, the present invention is a fuel cell 
power generation device characterized by a configura- 
tion of, for example,, a fuel cell stack for generating DC 

5 power by having the hydrogen supplied by hydrogen 
supply means react with oxygen in the air supplied by 
air supply means, a power control device for controlling 
the DC power generated by the fuel cell stack, a flow 
rate control device for controlling the hydrogen flow rate 

10 supplied by the hydrogen supply means depending on 
the DC powervalue set by the power control device, and 
the air flow rate supplied by air supply means, a power 
conversion device for converting the DC power gener- 
ated by the fuel cell stack into the AC power of substan- 

15 tially the same voltage as the system power, an output 
line for connecting the power conversion device with an 
external power load, load power detection means of de- 
tecting external load power, a system power connection 
line for connecting the output line with the system power, 

20 and an output command device connected to the power 
control device and the load power detection means. 
With the configuration, the output command device 
computes the average power W1 in the time period T1 
of the load power detected by the load power detection 

25 meanS; adds the power conversion efficiency, etc. to the 
W1 to obtain an output command value, and sets the 
output command value as a DC power value set each 
time T2 by the power control device. 
[0125] Furthermore, the present invention is a fuel cell 

30 power generation device characterized by a configura- 
tion of, for example, a fuel cell stack for generating DC 
power by having the hydrogen supplied by hydrogen 
supply means react with oxygen in the air supplied by 
air supply means, a power control device for controlling 

35 the DC power generated by the fuel cell stack, a flow 
rate control device for controlling the hydrogen flow rate 
supplied by the hydrogen supply means depending on 
the DC powervalue set by the power control device, and 
the air flow rate supplied by air supply means, a power 

40 conversion device for converting the DC power gener- 
ated by the fuel cell stack into the AC power of substan- 
tially the same voltage as the system power, an output 
line for connecting the power conversion device with an 
external power load, load power detection means of de- 

45 tecting external load power, a system power connection 
lineforconnectingtheoutput line with the system power, 
a accumulation amount control device branched and 
connected from the connection line connecting the pow- 
er control device with the power conversion device, ac- 

50 cumulation amount detection means, accumulation 
means, and an output command device connected to 
the power control device, the load power detection 
means, the accumulation amount control device, and 
the accumulation amount detection means. With the 

55 configuration, the accumulation amount control device 
controls the output command device to compute the av- 
erage power W1 in the time period T1 of the load power 
detected by the load power detection means, obtain W3 
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(= W1 + W2) by adding the power W2 (= Q3 / T2) ob- 
tained by dividing tlie sliortage of accumulation Q3 (= 
Q2 - Q1), whicli is tlie difference between the current 
amount of accumulation Q1 detected by the accumula- 
tion amount detection means and the target amount of 
accumulation Q2 by the time T2, to the Wi , add the pow- 
er conversion efficiency, etc. to the W3 as an output 
command value, and accumulate the shortage of accu- 
mulation Q3 in the accumulation means. 
[0126] Thus, although there arises an instant rise or 
drop of a power load, an unnecessary activating/stop- 
ping operation can be prevented, thereby successfully 
performing one activating and stopping operation in one 
day. That is, the waste of energy during the activating/ 
stopping operation can be minimized. 
[0127] Additionally, the required amount of accumu- 
lation of the battery can be reduced by reducing the 
shortfall of the power due to the delay of activation or 
the excess power due to the delay of a stopping opera- 
tion, thereby realizing a lower cost system. 
[0128] The entire disclosure of the above mentioned 
documents are incorporated herein by reference in its 
entirety. 

Industrial Applicability 

[0129] As described above, it is apparent that the 
present invention has the merit of improving the efficien- 
cy and suppressing the reduction of the durability by, for 
example, guaranteeing a stable operation of a fuel cell 
power generation device. 

[0130] Furthermore, the present invention has also a 
merit of minimizing the waste of energy in generating a 
fuel power although there arises an instant rise or drop 
of a power load. 



Claims 

1. A power generation control system comprising: 

power detection means of detecting power re- 
quested by a load; and 

power generation control means of controlling 
predetermined power generation means of 
generating all or a part of power to be supplied 
to the load using a command value generated 
in each second predetermined period based on 
an average value of the detected power in a first 
predetemnined period. 

2. The power generation control system according to 
claim 1 , wherein the command value generated In 
each second predetermined period is generated 
based on an average value in the first predeter- 
mined period with a starting time of the second pre- 
determined period as an end time of the first prede- 
termined period. 



3. The power generation control system according to 
claim 1 or 2, wherein: 

said predetermined power generation means is 
5 a fuel cell; and 

excess or shortfall of the generated power rel- 
ative to the requested power is adjusted using 
system power and/or battery. 

10 4. The power generation control system according to 
claim 3, wherein: 

the excess or shortfall of the generated power 
can be adjusted using system power and bat- 
15 tery; and 

said battery is used by priority over said system 
power. 

5. The power generation control system according to 
20 claim 3, wherein said control is performed with 

amount of accumulation of the battery taken into ac- 
count. 

6. The power generation control system according to 
25 claim 5, wherein said taking an amount of accumu- 
lation of the battery into account means amending 
the command value corresponding to the difference 
between the amount of accumulation and a prede- 
termined target amount of accumulation. 

30 

7. A power generation control method, comprising the 

steps of: 

detecting power requested by a load; and 
35 controlling predetemnined power generation 

means of generating all or a part of power to be 
supplied to the load using a command value 
generated in each second predetermined peri- 
od based on an average value of the detected 
40 power in a first predetermined period. 

8. A power generation control system, comprising: 

power detection means of detecting power re- 
45 quested by a load; 

time accumulation means of accumulating a 
time at which the detected power requested by 
the load equal to or largerthan a predetermined 
value when predetermined power generation 
50 means does not generate power to be supplied 

to the load; and 

power generation control means of allowing 
said power generation means to start generat- 
ing the power to be supplied to the load using 
55 a predetermined rule based on the accumula- 

tion result. 

9. The power generation control system according to 
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claim 8, wherein said predetermined rule refers to 
allowing said power generation means to start gen- 
erating power to be supplied to the load when (1) a 
total period of the time continuously accumulated in 
a predetermined period or (2) a total period of the 
time discontinuously accumulated in a predeter- 
mined period exceeds a predetermined threshold. 

10. The power generation control system according to 
claim 9, wherein said time accumulation means out- 
puts (1 ) the total period of the time continuously ac- 
cumulated in the predetermined period or (2) the to- 
tal period of the time discontinuously accumulated 
in the predetemnined period as a result of the accu- 
mulation. 

11. The power generation control system according to 
claim 8, wherein said predetermined rule refers to 
allowing said power generation means to start gen- 
erating power to be supplied to the load when a total 
period of continuously accumulated time exceeds a 
predetennined threshold. 

12. A power generation control system, comprising: 

power detection means of detecting power re- 
quested by a load; 

time accumulation means of accumulating a 
time at which the detected power requested by 
the load equal to or smaller than a predeter- 
mined value when predetermined power gen- 
eration means generates power to be supplied 
to the load; and 

power generation control means of allowing 
said power generation means to stop generat- 
ing the power to be supplied to the load using 
a predetennined rule based on the accumula- 
tion result. 

13. A power generation control system, comprising: 

power detection means of detecting power re- 
quested by a load; 

power accumulation means of accumulating 
power requested by the load in a predeter- 
mined period when predetermined power gen- 
eration means does not generate power to be 
supplied to the load; and 
power generation control means of allowing 
said power generation means to start generat- 
ing the power to be supplied to the load using 
a predetermined rule based on the accumula- 
tion result. 

14. The power generation control system according to 
claim 13, wherein said predetermined rule refers to 

allowing said power generation means to start gen- 
erating power to be supplied to the load when the 



accumulated power exceeds a predetermined 
threshold. 

15. A power generation control system, comprising: 

5 

power detection means of detecting power re- 
quested by a load; 

power accumulation means of accumulating 
power requested by the load in a predeter- 
10 mined period when predetennined power gen- 

eration means generates power to be supplied 

to the load; and 

power generation control means of allowing the 
power generation means to stop generating the 
15 power to be supplied to the load using a prede- 

termined rule based on the accumulation result. 

16. A power generation control system, comprising: 

20 record accumulation means of accumulating a 

record of power requested by a load when pre- 
determined power generation means gener- 
ates power to be supplied to the load according 
to a predetermined rule; and 

25 power generation control means of allowing the 

power generation means to start or stop gener- 
ating power to be supplied to the load according 
to the accumulated record by priority over the 
rule. 

30 

17. The power generation control system according to 
claim 16, wherein: 

a time at which said power generation means 
35 is allowed to start or stop generating power to 

be supplied to the load is computed based on 
the accumulated record; and 

said power generation means is allowed to start 
or stop generating power to be supplied to the 
40 load practically at the computed time. 

1 8. A power generation control method, comprising the 
steps of: 

45 detecting power requested by a load; 

accumulating a time at which the detected pow- 
er requested by the load indicates a value equal 
to or larger than a predetermined value when 
predetermined power generation means does 
50 not generate power to be supplied to the load; 

and 

allowing said power generation means to start 
generating the power to be supplied to the load 
using a predetermined rule based on the accu- 
55 mulation result. 

1 9. A power generation control method, comprising the 
steps of: 
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detecting power requested by a load; 
acxjumulating a time at wliich tine detected pow- 
er requested by the load indicates a value equal 
to or smaller than a predetermined value when 
predetermined power generation means gen- 
erates power to be supplied to the load; and 
allowing said power generation means to stop 
generating the power to be supplied to the load 
using a predetemiined rule based on the accu- 
mulation result. 

20. A power generation control method, comprising the 
steps of: 

detecting power requested by a load; 
accumulating power requested by the load in a 
predetermined period when predetermined 
power generation means does not generate 
power to be supplied to the load; and 
allowing said power generation means to start 
generating the power to be supplied to the load 
using a predetennined rule based on the accu- 
mulation result. 

21 . A power generation control method, comprising the 
steps of: 

detecting power requested by a load; 
accumulating power requested by the load in a 
predetennined period when predetermined 
power generation means generates power to 
be supplied to the load; and 
allowing the power generation means to stop 
generating the power to be supplied to the load 
using a predetermined rule based on the accu- 
mulation result. 

22. A power generation control method, comprising the 
steps of: 

accumulating a record of power requested by 
a load when predetermined power generation 
means generates power to be supplied to the 
load according to a predetermined rule; and 
allowing the power generation means to start 
or stop generating power to be supplied to the 
load according to the accumulated record by 
priority over the rule. 

23. A program being used to direct a computer to func- 
tion as all or a part of the power generation control 
system according to claim 1 , comprising: 

power detection means of detecting power re- 
quested by a load; and 

power generation control means of controlling 
predetermined power generation means of 
generating all or a part of power to be supplied 



to the load using a command value generated 
based on an average value of the detected 
power in a first predetermined period in each 
second predetermined period. 

5 

24. A program being used to direct a computer to func- 
tion as all or a part of the power generation control 
system according to claim 8, comprising: 

10 power detection means of detecting power re- 

quested by a load; 

time accumulation means of accumulating 
atime at which the detected power requested 
by the load indicates a value equal to or larger 
15 than a predetermined value when predeter- 

mined power generation means does not gen- 
erate power to be supplied to the load; and 
power generation control means of allowing 
said power generation means to start generat- 
20 ing the power to be supplied to the load using 

a predetermined rule based on the accumula- 
tion result. 

25. A program being used to direct a computer to func- 
25 tion as all or a part of the power generation control 

system according to claim 12, comprising: 

power detection means of detecting power re- 
quested by a load; 
30 time accumulation means of accumulating a 

time at which the detected power requested by 
the load indicates a value equal to or smaller 
than a predetermined value when predeter- 
mined power generation means generates 
35 power to be supplied to the load; and 

power generation control means of allowing 
said power generation means to stop generat- 
ing the power to be supplied to the load using 
a predetermined rule based on the accumula- 
te tion result. 

26. A program being used to direct a computer to func- 
tion as all or a part of the power generation control 
system according to claim 13, comprising: 

45 

power detection means of detecting power re- 
quested by a load; 

power accumulation means of accumulating 
power requested by the load in a predeter- 
50 mined period when predetermined power gen- 

eration means does not generate power to be 
supplied to the load; and 
power generation control means of allowing 
said power generation means to start generat- 
es ing the power to be supplied to the load using 
a predetermined rule based on the accumula- 
tion result. 
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27. A program being used to direct a computer to func- 
tion as all or a part of the power generation control 
system according to claim 15, comprising: 

power detection means of detecting power re- 
quested by a load; 

power accumulation means of accumulating 
power requested by the load in a predeter- 
mined period when predetermined power gen- 
eration means generates power to be supplied 
to the load; and 

power generation control means of allowing the 
power generation means to stop generating the 
power to be supplied to the load using a prede- 
termined rule based on the accumulation result. 

28. A program being used to direct a computer to func- 
tion as ail or a part of the power generation control 
system according to claim 16, comprising: 

record accumulation means of accumulating a 
record of power requested by a load when pre- 
determined power generation means gener- 
ates power to be supplied to the load according 
to a predetermined ruie; and 
power generation control means of allowing the 
power generation means to start or stop gener- 
ating power to be supplied to the load according 
to the accumulated record by priority over the 
rule. 

29. A computer-processible medium storing a program 
being used to direct a computer to function as all or 
a part of the power generation control system ac- 
cording to claim 1 , comprising: 

power detection means of detecting power re- 
quested by a load; and 

power generation control means of controiling 
predetermined power generation means of 
generating all or a part of power to be supplied 
to the load using a command value generated 
based on an average value of the detected 
power in a first predetermined period in each 
second predetermined period. 

30. A computer-processible medium storing a program 
being used to direct a computer to function as all or 
a part of the power generation control system ac- 
cording to claim 8, comprising: 

power detection means of detecting power re- 
quested by a load; 

time accumulation means of accumulating a 
time at which the detected power requested by 
the load Indicates avalue equal to or larger than 

a predetermined value when predetermined 
power generation means does not generate 



power to be supplied to the load; and 
power generation control means of allowing 
said power generation means to start generat- 
ing the power to be supplied to the load using 
5 a predetermined rule based on the accumula- 

tion result. 

31 . A computer-processible medium storing a program 
being used to direct a computer to function as all or 

10 a part of the power generation control system ac- 
cording to claim 12, comprising: 

power detection means of detecting power re- 
quested by a load; 

15 time accumulation means of accumulating a 

time at which the detected power requested by 
the load indicates a vaiue equal to or smaller 
than a predetermined value when predeter- 
mined power generation means generates 

20 power to be supplied to the load; and 

power generation control means of allowing 
said power generation means to stop generat- 
ing the power to be supplied to the load using 
a predetermined rule based on the accumula- 

25 tion result. 

32. A computer-processible medium storing a program 
being used to direct a computer to function as all or 
a part of the power generation control system ac- 

30 cording to claim 13, comprising: 

power detection means of detecting power re- 
quested by a load; 

power accumulation means of accumulating 
35 power requested by the load in a predeter- 

mined period when predetermined power gen- 
eration means does not generate power to be 
supplied to the load; and 
power generation controi means of allowing 
40 said power generation means to start generat- 

ing the power to be supplied to the load using 
a predetermined rule based on the accumula- 
tion result. 

45 33. A computer-processible medium storing a program 
being used to direct a computer to function as all or 
a part of the power generation control system ac- 
cording to claim 15, comprising: 

50 power detection means of detecting power re- 

quested by a load; 

power accumulation means of accumulating 
power requested by the load in a predeter- 
mined period when predetemnined power gen- 
55 eration means generates power to be supplied 

to the load; and 

power generation control means of allowing the 
power generation means to stop generating the 
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power to be supplied to the load using a prede- 
termined rule based on tlie acx^umulation result. 

34. A computer-processible medium storing a program 
being used to direct a computer to function as all or s 
a part of tlie power generation control system ac- 
cording to claim 16, comprising: 

record accumulation means of accumulating a 
record of power requested by a load when pre- io 
determined power generation means gener- 
ates power to be supplied to the load according 
to a predetemnined rule; and 
power generation control means of allowing the 
power generation means to start or stop gener- ^5 
ating power to be supplied to the load according 
to the accumulated record by priority over the 
rule. 
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